The photo-catalytic degradation of chlorendic acid in the presence of TiO 2 was conducted to investigate the reaction pathways and possible degradation products as a means of assessing the environmental legacies of polyesters that are designed with both chlorendic acid and TiO 2 chemicals. Comparison of liquid chromatography/mass spectrometry spectra of chlorendic acid and degradation solutions suggests HCl, H 2 O and chlorendic acid anhydride as the main products of the degradation process. @JASEM http://dx.doi.org/10.4314/jasem.v17i3
. The acid is also used as an extreme pressure lubricant and in the synthesis of functional metal organic frameworks (MOFs) (HSDB, 2013; Cui et al., 2013) . Recently studies have been conducted to investigate how the incorporation of both chlorendic acid and TiO 2 into the framework of polymers can improve optical stability, stiffness, chemical inertness and flame retandancy (e.g. Morrion, 2004; Laachachi et al., 2005; Ghosh, 2006; and Laachachi et al., 2006) . Due to its industrial applications chlorendic acid is released to the environment during industrial processes or leached from polyester products at dump sites (HSDB, 2013; NTP, 2011) . Consequently it is imperative to investigate the behavior of chlorendic acid in different environmental matrices in the presence of TiO 2 .
Chlorendic acid is inert to biological degradation (Sebastian et al., 1996) . In aquatic ecosystems it is inhibitory to algal and microfaunal activity (Hendrix et al., 1983) . For human population chlorendic acid is an anticipated carcinogen and can irritate the skin, eye and respiratory tract (HSDB, 2013) . Based on the anticipated impact of chlorendic acid on both aquatic systems and human population studies have been conducted to identify efficient protocols for its degradation.
Fig1: Molecular structures of chlorendic acid.
Mutation, single phase ozonation, two phase ozonation, heating, and pyrolysis have been investigated for the degradation of pure chlorendic acid in solutions or chlorendic acid in the framework of esters (Kai et al., 1991; Stowell and Jensen, 1991; Sebastian et al., 1996; Freshour et al., 1996 , Mullen et al., 1997 RujKumar et al., 2008; Rajkumar et al., 2012) . However, concerns have been raised about the use of organic solvents and the lack of data on possible degradation products. Thermal degradation products of chlorendic acid incorporated within polymer frameworks (e.g. oligoesters) have been extensively investigated by RajKumar et al., (2008) and RajKumar et al (2012) but data on degradation products of the leachate form in the presence of TiO 2 additive is not available. Titanium dioxide has been explored as a catalyst for the degradation of organic pollutants from water (Hoffman et al., 2003; Jiang et al., 2007; Hidaka et al., 2008; Oncescu et al., 2010; Einaga et al 2013) . At atmospheric pressure aqueous
suspension of TiO 2 under the influence of Ultraviolet (UV) irradiation generates hydroxyl radical (HO . ) that initiates the degradation process (Marci et al., 2003) . The present work aims to simulate the degradation of chlorendic acid in water bodies under UV radiation in the presence of TiO 2 nanoparticles and identify possible degradation pathways and by products.
Experimental: Titanium dioxide photocatalyst (98 % purity) was purchased from BDH limited with. Chlorendic acid (99 % purity) was purchased from Aldrich logistic GmbH, Germany and used as received. A laboratory built photo-reactor (figure 2) consisting of two 80 watt Philip Low-pressure UV lamps (UVA 315-400 nm), 4000ml Pyrex beaker, a magnetic stirrer and an oxygen inlet source was employed as the reaction cell. Duplicate aqueous suspensions of chlorendic acid [200 ml: (100 mg/L) and TiO 2 (1.0 g)] were placed in 400ml Pyrex beaker and positioned in the photo-reactor cell for 50mins, under UV-irradiation in the presence of oxygen. At the end of the reaction portions of suspension were extracted with pipette, centrifuged (Centaur MSE centrifuge instrument) for 15 mins at 2700 RPM. Small portions of the resulting supernatant were siphoned with a syringe and filtered through Whatman syringe filter (Whatman filter paper pore size: 0.2 µm) to remove TiO 2 particle still suspended in the supernatant. The clear liquids obtained from the control and degraded suspensions were submitted to Liquid Chromatography-Mass spectrometry (LCQ Advantage -Thermo Finngan) equipment for analysis. The MS detection was performed with atmospheric pressure/Matrix Assisted Laser Desorption Ionization (AP/MALDI) in negative mode. A Jenway 3010 pH meter with a 662-1759 probe was used for the pH measurement of aliquots extracted during photodegradation reaction. Rajkumar et al., (2008) . After degradation the pH value of the extracted aliquot dropped from 3.00 to 2.23 and the lower pH value could be due the in situ incorporation of HCl during the photocatalytic degradation process.
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The m/z = 369 have previously been observed during the pyrolysis of unsaturated polyester resin based on chlorendic acid (Vijayakumar et al., 1983; Riajkumar et al., 2008) . The molecular peak at 369.3 represents chlorendic acid anhydride which may have resulted from the dehydration of chlorendic acid. Vijayakumar and Lederer, (1990) and Mullen et al. (1997) have previously identified chlorendic acid anhydride as a product of the pyrolysis of chlorendic acid based polyesters. The in situ conversion of chlorendic acid to the anhydride may have been facilitated by the formation HCl during the degradation since previous studies used mineral acids to catalyze ring closure (e.g. Omuaru and Boisa, 1994) The prominence of the (M-36) peak on the spectra of degraded sample and the lower pH value suggest that the degradation of chlorendic acid involves dehydrochlorination instead of the previously reported (Kai et al., 1991; Sebastian et al., 1996) dechlorination route. Previous analysis of pyrolysis products of chlorendic acid based polyesters indicated the presence of pentachloro-and tetrachloro derivatives (Irzl et al., 1987) . The peak at 444.8 may be an ester of chlorendic acid and is consistent with the formation of esters of chlorendic acid during pyrolysis (Irzl et al., 1987) . The scheme (Figure 4) is therefore proposed as a preliminary reaction pathway.
The inclusion of TiO 2 in chlorendic acid based polyester framework to improve flame ratardancy, optical and other physical properties may also facilitate its conversion to chlorendic acid anhydride in water bodies under sunlight as suggested in Figure  4 . The conversion to the anhydride may alter the toxicity of chlorendic acid based polyester products because chlorendic acid anhydride has been associated with allergic respiratory diseases (Hlaskoski et al., 2009 ). According to the International Programme on Chemical Safety (IPCS) report (IPCS, 1996) chlorendic acid anhydride is suggested to converts easily to chlorendic acid when in water but results from this study indicate that in the presence TiO 2 and UV irradiation the process is reversed. Therefore, the suggestion that chlorendic acid anhydride in water will always be hydrolyzed to chlorendic may have been over generalized. Based on the data from this study it appears the toxicity of chlorendic acid anhydride in fluvial environments may have been underestimated. 
Conclusion :
The photocatalytic degradation of chlorendic acid in aqueous solution was studied using TiO 2 as a catalyst. Comparison of LC-MS mass spectra of chlorendic acid and degradation solutions suggest the formation of HCl, H 2 O and chlorendic acid anhydride. The degradation was mainly via dehydrochlorination and dehydration pathways. Since chlorendic acid anhydride formed during the degradation process is considered as irritating to the eye, skin and respiratory tract there is need to reevaluate toxicity of polymers containing chlorendic acid and TiO 2 in their frameworks.
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